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[# ZE] HH: i 16s rRNA W T B AR BT 5 J7 b 88 ORIl R 583K & (Spn) 5 5 il 28 B2 AU K
R 3 AR RS e, R B B IL AL . R fF 30 RO ERBEML AT okt IRAl (IE# KRR . #Em g
(Spnifs Tl 96 K BB AL) | IR 58 &2 7 M o ok 41 (i R K RS AU B 1. 75 g-kg "By Hb 5 k) |
PR A T L ORI A (R R BRI GE ' 3,50 g-kg A U7 ML EE UKL ) A ) A2 T M B R 4
(IR K RAERIE Y 7. 00 g-kg "B b k), A46 H. MlE KRMALHE/TE (W/D) I
Brif < Aa b5, HE 3 6054 2 R U 2H 26 BT 25 3% BT PEAlk il 20 2Pt A R B, 3300 8 A ) 4% 2 K B
M HEVE# (BALF) AN S ACH M A4 R (IL)-6., TL-8 K IL-107KF-, #EAT 165 rRNA ik
FREN Y 30T, G55 SXHIRA b, B R Bk — & fkhxsr . (PaCO,) Bl THE (P<C0.05), 3
bk 0 - (PaO,) AL AE (Sa0,) MWL (P<<0.05); SHIRIA AL, k. A it
07 W BRI AL K B PaCO, B B REAIK (P<<0.05), PaO, 1 SaO, W] 8. F+m (P<<0.05), Jf & 7 & 4K it
PEo HE Je o, b B2 K BU 20 UK W W] ot 5 BB 4 R BT 2 2 A i #9120, i AR Mk Al 3=
I, e RE B A A W Rk SRRV e, R rhORnE R AR U b v AURE 2 K BRI ZH ZUE S B
YA R ekst . SXF IR e, B BRI ALZ W/D H A BT 4 B R TH i (P<<0.05); SEII
Fede, A bR AR a2 M B RURL 2 K BRI 4 20 W /D E B R BT 4 B B BEAIE (P<<0.05), Jf&
IR E . 5T B A, BERVZH K B BALF mh 4 3 G feg K7 B B & (P<<0.05) 5 SBIAIAT
B, AR PR R R R 41K B BALF A B B KO BB BEAIR (P<<0.05), I 2 5 SR
Mo SXF AL AL, BRI R BUBALF P IL-6 A IL-8 K F- B .7t (P<<0.05), IL-10 7K F B & B A
(P<<0.05); SEIRIAMEL, k., A ok &2 77 8 0K 4 K Bl BALF H IL-6 i TL-8 7K ¥ ] B B IR
(P<C0.05), TL-10KFBIRT&E (P<<0.05), JFEMEAmtE . 55X A e, BRI R U RE =+ B 5
b (Chaol) . M #FZHEYERIG A PEFEFR (Shannon) | B AL FEF5 4R (Simpson) K 52 b K I 42 A 4k
F845 (Observed _species) ¥HIR AL (P<C0.05); SAAIAL g, G, AR il &y i ook 41 K il
Chaol. Shannon. Simpson fil Observed species ¥/l & F+ 5 (P<C0.05), FHE7 KM, 5% A
WA, AV R BRAUAT# 1T (Bacteroidetes) AHXT = FEFREAL, JEBER [T (Firmicutes) AT+,
Firmicutes/Bacteroidetes YW E W B F 7 (P<<0.05); SHEAIA E, K. A0S 7 w2 7 Hh o ok 240
K B Bacteroidetes t %t £ TV &1, Firmicutes X FHERRAK, Firmicutes/Bacteroidetes AW AR (P<<
0.05), FHEFEAKBTE . AROKTFL, SXRALE, SRRMHKRERFEE (Corynebacteriaceae)
WA ERFE B (Staphylococcaceae) MBI ERE R (Moraxellaceae) HIXFF W 8 &, 10 FL R AT & #)
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Changes of intestinal flora in rats with Streptococcus
pneumoniae-induced pneumonia treated with Compound
Dihuang Granules detected by 16s rRNA sequencing
technology and its significance
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ABSTRACT Obijective: To discuss the effect of Compound Rehmannia Granules on intestinal flora of the
pneumonia model rats induced by Streprococcus pneumoniae (Spn) through 16s rRNA sequencing technology,
and to clarify its potential mechanism. Methods: A total of 30 rats were randomly divided into control
group (normal rats), model group (Spn-induced pneumonia rat models) , low dose of Compound Rehmannia
Granules group (pneumonia rat models administered 1.75 g+kg~' Compound Rehmannia Granules by
gavage) , medium dose of Compound Rehmannia Granules group (pneumonia rat models administered
3.50 g+kg ' Compound Rehmannia Granules by gavage), and high dose of Compound Rehmannia Granules

group (pneumonia rat model administered 7. 00 g-kg '

Compound Rehmannia Granules by gavage) , with
6 rats in each group. The wet/dry weight (W/D) ratio of lung tissue and blood gas indexes were measured ;
HE staining was used to observe the pathomorphology and the degree of lung injury in lung tissue of the rats
in various groups were assessed; kit assay was used to detect the bacterial load level and the levels of
interleukin (I1.)-6, T1.-8, and IL.-10 in bronchoalveolar lavage fluid (BALF) of the rats in various groups;
16s rRNA intestinal flora sequencing analysis was performed. Results: Compared with control group, the
arterial partial pressure of carbon dioxide (PaCO,) of the rats in model group was significantly increased
(P<<0.05), and the arterial partial pressure of oxygen (Pa0O,) and oxygen saturation (SaO,) were significantly
decreased (P<C0.05); compared with model group, the PaCO, of the rats in low, medium, and high doses
of Compound Rehmannia Granules groups was significantly decreased (P<C0.05), and the PaO; and SaO-
were significantly increased (P<C0. 05), showing a dose-dependent manner. The HE staining results showed
no significant injury in lung tissue of the rats in control group; the cells in lung tissue of the rats in model

group were arranged disorderly with massive inflammatory cell infiltration, and the alveolar wall capillaries
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were significantly dilated; compared with model group, the morphological damage of lung tissue of the rats
in low, medium, and high doses of Compound Rehmannia Granules groups was improved. Compared with
control group, the W/D value and pathological score of lung tissue of the rats in model group were
significantly increased (P<C0.05) ; compared with model group, the W/D value and pathological scores of
lung tissue of the rats in low, medium, and high doses of Compound Rehmannia Granules groups were
significantly decreased (P<C0.05), showing a dose-dependent manner. Compared with control group, the
bacterial load level in BALF of the rats in model group was significantly increased (P<Z0.05) ; compared
with model group, the bacterial load level in BALF of the rats in low, medium, and high doses of Compound
Rehmannia Granules groups was significantly decreased (P<C0.05) , showing a dose-dependent manner.
Compared with control group, the levels of 1L-6 and IL-8 in BALF of the rats in model group were
significantly increased (P<C0.05), and the IL-10 level was significantly decreased (P<C0.05) ; compared
with model group, the levels of ILL.-6 and IL-8 in BALF of the rats in low, medium, and high doses of
Compound Rehmannia Granules groups were significantly decreased (P<Z0.05), and the IL.-10 level was
significantly increased (P<Z0.05), showing a dose-dependent manner. Compared with control group, the
microbial abundance indicator (Chaol) , microbial diversity and evenness indicator (Shannon) , microbial
dominance indicator (Simpson) , and observed species indicator (observed _species) of the rats in model group
were significantly decreased (P<C0.05); compared with model group, the Chaol, Shannon, Simpson, and
(observed _species) indices of the rats in low, medium, and high doses of Compound Rehmannia Granules
groups were significantly increased (P<C0.05), showing a dose-dependent manner. Compared with control
group, the relative abundance of Bacteroidetes in model group was decreased, the relative abundance of
Firmicutes was increased, and the Firmicutes/Bacteroidetes ratio was significantly increased (P<C0.05) ;
compared with model group, the relative abundances of Bacteroidetes in low, medium, and high doses of
Compound Rehmannia Granules groups were increased, the relative abundance of Firmicutes was
decreased, and the Firmicutes/Bacteroidetes ratio was significantly decreased (P<C0.05), showing
a dose-dependent manner. At the family level, compared with control group, the relative abundances of
Corynebacteriaceae, Staphylococcaceae, and Moraxellaceae in model group were significantly increased,
while the relative abundances of Lactobacillaceae, Lachnospiraceae, and Akkermansiaceae were
significantly decreased; compared with model group, the relative abundances of Corynebacteriaceae,
Staphylococcaceae, and Moraxellaceae in low, medium, and high doses of Compound Rehmannia Granules
groups were significantly decreased, and the relative abundances of Lactobacillaceae, Lachnospiraceae,
and Akkermansiaceae were significantly increased. At the genus level, compared with control group, the
relative abundances of Desulfovibrio and Facklamia in model group were significantly increased, and the
relative abundances of Bifidobacterium and Ruminococcaceae were significantly decreased; compared with
model group, the relative abundances of Desulfovibrio and Facklamia in low, medium, and high doses of
Compound Rehmannia Granules groups were significantly decreased, and the relative abundances of
Bifidobacterium and Ruminococcaceae were significantly increased. Conclusion: Compound Rehmannia
Granules can alleviate inflammation and lung injury in Spn-induced pneumonia rats, which may be related to
the increase in the abundance and diversity of intestinal flora.

KEYWORDS Pneumonia; 16s rRNA sequencing technology; Compound Rehmannia Granules;

Streptococcus pneumoniae; Intestinal flora
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IR T 2 O W DR X S i R RE R, G R
B IEE N AR R AR, MR SR
Wz MEEZMBIERRE, HAEE EEKR
O G BHEAH S Ay, e B R T A 2 VR .
i 3 T RS ASCs AL T R R S 1 B R DI g, iR P RE
Xof 4 By G N HEATRG AR 4 L W S W RRAE
AILLTO I R 25 5 U R iR T OB .
Sh, TESpn | KW IE AR, I A Y R TE
Bl BLRE A & A RO R AP VE T, PR 9 1 g 1
A= I AT BB S IR T AN TR A R I T E SR . B b
PR — MR AL G BE2G T b 2y, 2 F
R 2 . WEIE T R 27 B REURL P b
B S L AT kYO A AR TR AR E Bk R
(Ruminococcaceae) FIBMRHE L (Lachnospiraceae) Y
FEE, WA FERBEWBEINE (Desulfovibrio)
PR, M i w R, Ry miE bR, &
7 Ml v R R 75 380 3 949 B 3 R R B0 Spn | R 1Y)
Jits 58 1 R B B PRI, AR BIF SR AR 1 Spn 5 S il % A5
RIREL, JFig HI 16s IRNA T HAR , IRABITE
by 8 FORL T it 28 A5 A O B T8 TR RE Y B2, R R
Spn 5l KWl R $E 2%

1 HEET®

1.1 Rz . HH . TE2XMNFRNE 30 L SPFH
eV SD R R, 688, 4B & 180~200 g, W H
b s sy bt Qb BERFR 2= L8 s 2= )
ST E Y R A IE S . SCXK () 2022-001,
S B R TR R A B, S50 B W S AT S
SYXK (3£) 2022-002, 55 A v MR 52 1 .
=R O O A 1 S I i |
(Z1.200810043734. 2) fECH, WGl 220 g,
HAT30g, #WE15g. BERHE15¢g, J1Z&20g. A1
B 12 gMeis2 g, WRWAHT K- HAHR
. HEQ @GR & . M4 A% (interleukin,
IL)-6. IL-8 Fl IL-10 i 3k 50 92 W B X 4% (enzyme-
linked immunosorbent assay, ELISA) i 7 &
g A _F i Beyotime 22 7], DNA # BULH &0 A b
TR AEACPHE A BR A A, R AR A & S
OMEGA A 7). VeritiPro PCR A Il [ %% 2% & {it
IRBHE TR EAT R A, CM2000 Y6 24 50 A= 9y 2 i
B AT ARE RN R L E A RA A,
Synergy 2 i br AW [ A6 5T K ol v B R R A R
ANFE], Qubit@ 2. 07861 A 32 E Thermo 23 7 A1
Agilent Bioanalyzer 2100 &4t A 721 Agilent A 7 .

1.2 SEBFHHhefsss 330 HRRELS N
PR CIEH KRB . BEBZH (Spnifs il & K Bl
BEARL) | ARG i 52 T b v ORE 2 (il 6 R BRUASE A
B 1.75 g-kg "7 Hum MORL) R B A2 T b v
g (A& R RS AY 9 ' 3. 50 g-kg A2 U Ml v
) i ) A MR ORI 2 (i g8 R R AL
7.00 g-kg "B HLBEEORL) , Al 6 H o BRXT R4
Ah, HAS AR RIR S 10 pL 295 1 X 10" CFU Y Spn,
BH IR, #EZ3d, B, GIT4 050 S
AR B 52 07 b B URL , AR A A R A AR OK
BHLIR, #27d, JFEAGESE IR [8-9],
1.3 ®ALSHBLIHRALEFBR KRGA)G,
1 IBCR BRI 32 3 ok it A BT B S PR A, SR I
AT O Bk i 4873 - (partial pressure of oxygen
in arterial blood, PaO,). 3 Jk i — & 1k #k 5> &
(arterial carbon dioxide partial pressure, PaCO,) #
M4 A EE (arterial oxygen saturation, SaO,) %
FRARBEAT R

1.4 XAHARE MWW EFRESH
R BFEEARAA TR A, BREEJE AR FER B, JF
A 1 N R SR i SRl [ Y U N (3
(bronchoalveolar lavage fluid, BALF), k5 I 4
il B2, T RS 2 W A .

1.5 MERXKAMHARE/FT Z (wet/dry weight,
W/D)YeAa K BUA il b v 4 ZUR B 5 ST B ADRS %
KFFRE (BHE), ICHBUE. FERHHLSUE THR
THEA SO CHE T ZfHE, WEH &, 7 W/D
el . W/D b B = BUA il v i 20 2008 5 /R A
Jils v 2H 2 E

1.6 HEFENBREAXAMARBEL SLR
HIREM AL R ARE  PCTEE [ K R 2H 2
Ml 4 pm AWV R, WS BK S, 17 HE %
O BT WER B AL, Wl 2 2R AT B 53 LA
VEAR Bl A FE B . 2 2H S0k B B AR A B, A
HO0gr s AR B0 e T 250, W gr R
Loy Mg & te<<50% 0, Pk 24 #
50 %6 < B3 o5 B <<75% . W4 3% MY
il 20 200 BB A3 i L =750 B, 3444y

1.7 AANEXEMNZAKXKABALF P& & & #
K F HHKRKBALF £ 260 g, 4 CE L 10 min
J&, HUUTE E & T 0.5 mL JC i B R Hh 22 iR
(phosphate buffered saline, PBS) H, B 5 i% 22
B B AR50 mL. ¥ B B 5 A0 FE AR X 50 ik A T
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TSAFEMBARGH TR, B F37°C. 5% COMAIET
KR 18 ho B4l )G , @M M BAIT A& A
K Bl BALF ™ 40 & 4 fif K F o 4l & 7 65 K P
(CFU-mL ") = (H&H/MREMAE) X (FRA
U/ IR BALF (R FL) o 4l B i fef 7K - 5 il 4 J% 4
JUE R R IR OCOC R, B (B g B R R L
JUHE

1.8 ELISA #%# 3 &4 X & BALF ¥ IL-6.1L-8 #=
IL-10 R+ &4 KR BALF T 1200g. 4°C4&
fF R0 15 min, B EER TR ZETLH EPE . %
ELISA 50 & UL 15 82/, T K 450 nm &b 45
WOGEE (A) fH, eHlbrdElige, HEAH KR
BALF 1 IL-6, TL-8FIIL-10 K F-.

1.9 16s RNAR FH RS M B EABFEMR S
F3CHk [10] 4 Hrin B R RS S o i DNA 23
7 & DT TE 4R IRUR RS DNA L K5 R A
51 ¥ 341 F 5-CCTACGGGNGGCWGCA-3' il
806 R 5-GGACTACHVGGGTATCTAAT-3' 9" 1%
16s rRNA Bac 16s £ V3-V4, PCR=#2 1% B
B AR S FE VKRR, R 5 SR T GeneTools 43 #1444
i % 9% BE LG R A o T B e A I ) & Al Ak
PCR =R G . MY SCF A FH NEBNext®Ultra™
DNA SCFE, I mE LI . H Qubit@ 2. 0%¢
it F1 Agilent Bioanalyzer 2100 £ 4t ¥F 4k SC 7R i & .
F NluminaHiseq 2500 °F & b X SCAE# AT T, A

A% 250 bp [ BT A Uity reads . MR 35 Iy SCIE 4T )
bR 3 AT M 8 B AR S . QIIME2 11 X i
AU AT A PHEN OTU (/2R
Jo) K (9700 MPEEIME ), JF i Silva 138 4L
W EFEAT YRR . PR W FE TR (Chaol) |
I AE 2 R Y S 4R bR (Shannon) | & #F G 2
BE 48 br (Simpson) . SZ Br & W % A E 45 A
(Observed _species) M IEBEWE [T (Firmicutes) /4
] (Bacteroidetes) AR .

1.10 %3t 54 RHISPSS 22, 0G4k iFiA74¢
2. 44K PaO,, PaCO,, SaO,. Jili 4 41
W/D A, FEEIF53 Lh K BALF th 4 B 671 far 7K F- Al
IL-6. 1L.-8 J¢ TL.-10 /K *F-, Chaol, Shannon, Simpson
1 Observed _species X Firmicutes/Bacteroidetes HAH
WA IERNA, Uats o, ZHMBEAYHK
ORI B PR 3R 5 22 40 A, 2L T 9 A 34 07 7 L
BRI LSD-r k% . LA P<<0.05 0 2 5 A 4o it %

B3
2 % B

2.1 HMEKAMARMAG GHIRALLE, Bl
KB PaCO, M T+ (P<<0.05), PaO,#il SaO,H
ML (P<<0.05). SRIBIZALEE, K. hAw
3l 5 J5 i BOORL 2K B PaCO, B g BT (P<<
0.05), PaO,flSaO, W BI+E (P<<0.05), I 2
EAHE. WEL

#£1 FBHKKE Pa0,.PaCO,# Sa0,

Tab.1 PaO,, PaCO, and SaO, of rats in various groups (n=6, x+s)

Group PaO, (P/kPa) PaCO, (P/kPa) Sa0, (9/%)
Control 12.0341.16 5.11£0.71 96.949.72
Model 5.49-0.81" 8.980.98" 59.9447.21°
Compound Dihuang Granule

Low dose 7.4640.89" 7.65+0.79" 70.97+8.16"

Medium dose 9.9440.81* 6.2970.84"* 81.09+£9.51°*

High dose 11.4641.014%¢ 5.3340.614%° 95.05+6.68°¢

"P<C0.05 compared with control group; “P<C0.05 compared with model group; *P<0.05 compared with low dose of Compound Dihuang

Granule group; “P<C0.05 compared with medium dose of Compound Dihuang Granule group.

2.2 BAXKEAMARBKEHSEA HERGOL
R e R REZH R BN A 2R DL B s B
R B 2 2 20 L HE B B AL L M v T B R Al S A
REOT WA, A R E R AR E B S, Hii
BEEANMAS I WY ok SRR A, L. PR
F 4 52 0 b #E SURL 2K B A 208 S B Y BT

U, SXTIRA R, BBV R U2 W/D L
(B AT BEPE 23 B W0 (P<<0.05) . SRCEIA L
B, K. R R R A M B O 2 KRR 4 4
W /D L AR F 3T 4 B W BEAR (P<<0.05), JfF&
F O . ULIE TR 2,

2.3 BAKXKABALFY@@A fA#HATF HxFHE4
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A': Control group; B:Model group; C—E:Low, medium, and high doses of Compound Dugyang Granule groups.
B 1 &4 KR4 SUR B SR I(HE, < 200)
Fig.1 Pathomorphology of lung tissue in rats in various groups (HE, X 200)

£2 FHRRAL W/D EMNRETES
Tab. 2 W/D ratios and pathology scores of lung tissue of

#3 K4 KR BALF B # A
Tab.3 Bacterial load levels in BALF of rats in various groups

rats in various groups (n=6, x+s) (n=6, x%s)
Group W /D ratio Pathology score Group Bacterial load level [Ilg (CFU-mL.~")]
Control 3.89£0.38 0.00£0.00 Control 1.7940.12
Model 6.47+0.52" 3.71+0.51" Model 5.03+0.39"

Compound Dihuang Granule Compound Dihuang Granule
Low dose 5.52+£0.49" 2.97£0.32" Low dose 4.51£0.52"
Medium dose 4.84+0.50"" 2.06£0.48"" Medium dose 3.73£0.41%"

High dose 4.03+0.414%°  0.4540.124%°

High dose 2.5940.33°%C

"P<C0.05 compared with control group; “P<0.05 compared with
model group; “P<C0.05 compared with low dose of Compound
Dihuang Granule group; “P<C0.05 compared with medium dose of

Compound Dihuang Granule group.

Fe#, AR K B BALF A 41 8 6 g K B 8 7
(P<<0.05). SR e, M. ARl &=
b #E 0RO B BALF H 40 1 7 g 7K SF B G R AR
(P<<0.05), JFEfEKEME. Wk 3.
2.4 %24k & BALF ¥ IL-6.1L-8 #= IL-10 K
50 IR ek, BEARLZH K B BALF H IL-6 A1 1L-8
KAF-B @ IF R (P<<0.05), TL-10 /K % B & [ i
(P<<0.05), SEEMA i, (K. R aE s
Hiy 5 90RLZH K B BALF 1 T1L-6 1 T1L-8 /K 3F- B i [%

"P<0.05 compared with control group; ©P<<0.05 compared with
model group; “P<C0.05 compared with low dose of Compound Dihuang
Granule group; “P<C0.05 compared with medium dose of Compound

Dihuang Granule group.

i (P<<0.05), IL-107K°FHl & F+i (P<<0.05),
JF SR AR . R4,

2.5 BUAXRABERAESHME HXTHALE,
20 K Chaol, Shannon. Simpson I Observed
species ¥ B i K (P<C0.05) . 58RI 4] bb 42,
ik, w A R R 5 Ml B kL 41 K B Chaol |
Shannon, Simpson 1 Observed _species 3] B & 7t &
(P<<0.05), JFEFEMME. WEKS.

#F4 KHEKRBALFHIL-6.1L-8 1 IL-10 7K F
Tab.4 Levels of IL-6, IL-8 and IL-10 in BALF of rats in various groups [n=6, r+s, o,/(ng-L )]

Group 1L-6 1L-8 IL-10
Control 96.13+16.08 68.96+9.49 138.0849.76
Model 201.08+18.22" 123.75+14.23"

Compound Dihuang Granule
Low dose
Medium dose

High dose

170.30+15.18"
144.28+11.59%*
110.58+10.514%°

56.18+6.29"

97.4349.24"
84.71+£7.114*
71.28=6.287%C

73.4245.94%
89.49+8.18%*
121.7849.524%¢

"P<C0.05 compared with control group; “P<C0.05 compared with model group; “P<C0.05 compared with low dose of Compound Dihuang

Granule group; “P<C0.05 compared with medium dose of Compound Dihuang Granule group.
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Tab.5 Indexes of a diversity of intestinal flora of rats in various groups

(n=6, x=+s)

Group Chaol Shannon Simpson Observed _species  Firmicutes/ Bacteroidetes ratio
Control 2 233.484128.48 8.49+0.51 0.9924-0.013 1701.52459.18 0.71£0.10
Model 1625.61£132.15" 6.0220.33" 0.9514-0.008" 1437.28463.84" 1.5740.18"
Compound Dihuang Granule

Low dose 1795.514+91.78~ 6.97+0.31~ 0.963+0.0074 1514.85449.05~ 1.2940.13%

Medium dose 2006.82+109.814%  7.5440.39"2%  0.976+0.007°"  1597.41+48.29~* 1.084+0.12%"

High dose 2230.78+113.54%%C  8.1940.51°"7  0.991+0.008""" 1 669.21451.49°"C 0.80+0.0947°

"P<C0.05 compared with control group; “P<C0.05 compared with model group; “P<C0.05 compared with low dose of Compound Dihuang

Granule group ; “P<C0.05 compared with medium dose of Compound Dihuang Granule group.
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Fig. 2 Compositions of fecal intestinal flora of rats in various groups
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